ABSTRACT
INTRODUCTION
The floodplains of the central/southern portion of South America are among the world's largest in size and in terms of their importance for the aquatic birds (Antas, 1994) . The Paraná River is approximately 3800 km long and drains the southcentral part of South America (Agostinho et al., 1995) . The Paraná River basin has suffered from strong human impacts, mainly deforestation and the construction of dams. The 230-km stretch of river between the mouth of the Paranapanema River (its main tributary) and the town of Guaíra, Brazil, in the upper Paraná River is the only significant segment in Brazil that is free from dams (Agostinho et al., 1994) . Although upstream dams have altered the natural river regime, the flood pulse is the principal factor acting on the communities of that area (Thomaz et al., 1997) . On the east bank (State of Paraná) of this section of the river, with relatively high elevations, there are limited flooded areas and semideciduous forests have almost all been converted to pasture. On the west bank (State of Mato Grosso do Sul), with low land elevation, there is a fairly wellpreserved floodplain with numerous braided secondary channels, lagoons, and rivers (SouzaFilho and Stevaux, 1997) .
Wading birds (Ciconiiformes) are conspicuous elements of these ecosystems, fully adapted to the flood-drought cycle (Kushlan et al., 1985; González, 1996b) , but sensitive to anthropogenic perturbations in the hydrologic regime (Russell et al., 2002) . The results of previous studies have suggested that the spatio-temporal fluctuations in the populations and seasonal variation in the habitat used by the wading birds resulted from variation in water levels and prey availability (Smith, 1997a; Strong et al., 1997; Young and Chan, 1997; Gaines et al., 1998; Maccarone and Brzorad, 1998; Butler and Vennesland, 2000; Gaines et al., 2000; Wong et al., 2001; Tourenq et al., 2003) . For foraging, most of these birds choose the areas with shallow water and high prey densities (Kushlan, 1976; Master et al., 1993; Battley et al., 2003 ) that tend to be ephemeral and irregularly distributed in the floodplains (Fasola, 1994) . Thus, Ciconiiformes use an extensive area for foraging, frequently changing locales (Custer and Osborn, 1978; Hoffman et al., 1994) . Consequently, the studies on Ciconiiformes habitat use must employ large spatio-temporal scales (McCrimmon et al., 1997; Strong et al., 1997) . In addition, most Ciconiiformes prey primarily on the fishes (Del Hoyo et al., 1992) , whose distribution is strongly influenced by water levels (Erwin, 1985; Gawlik, 2002) . This opportunistic way of habitat selection is commonly described in the wading bird literature (Fasola, 1986; . However, more recent studies have observed important differences among the species (Smith, 1997b; Gawlik, 2002; Russell et al., 2002) , and questions are arising on how hydrologic cycle and variation in prey availability influence the foraging behaviors. Consequently, the studies on foraging habitat selection by Ciconiiformes need more empiric information and must employ large spatiotemporal scales (McCrimmon et al., 1997; Strong et al., 1997) . In this study, the structure and composition of Ciconiiformes communities in foraging habitats on the floodplain of the upper Paraná River were analyzed, and seasonal variation in the habitat selection and abundance were examined. The results can help to understand whether in the wading bird communities, foraging habitat selection is really simply opportunistic or whether there are differences among the species, and how the hydrologic cycle influence this process. There have been few studies on Ciconiiformes in Brazil (Willis, 1995; Petry and Hoffmann, 2002; Bouton and Frederick, 2003; Gimenes and Anjos, 2006; Mestre et al., 2007) . But this is the first study to quantitatively analyze the use of foraging habitats by the community.
MATERIALS AND METHODS

Study area
The climate in the study area (22°40'S to 22°52'S and 53°12'W to 53°38'W) is classified as tropicalsubtropical, with an average annual temperature of 22°C (summer average 26°C and winter average 19°C) and an average annual rainfall of 1500 mm (Centrais Elétricas do Sul do Brasil, 1986) . In 2002 and 2003, the water levels of the Paraná River were highest between mid-January and April, with several short-duration flood pulses. During the last half of 2003, the water level was slightly higher than in the same period of 2002, occasionally reaching 3.0-3.5 m, when the water began to overflow the levee and connect the river to the lateral vegetation and some isolated lagoons (Fig. 1) . For data collecting, four habitats were selected where wading birds were known to forage, including rivers, channels (semi-lotic water bodies connecting two rivers or two stretches of the same river, between 20-30 m wide), disconnected lagoons (not connected to rivers or channels, except during floods), and connected lagoons (permanently connected to rivers or channels). The number of sampling units in each habitat category was 3, 4, 13 and 16, respectively (Fig. 2) . These sampling units were randomly chosen among the units where fish sampling data was available. All the sampling units were perennial water bodies even in the dry season. The bank slopes are such that only the periphery is shallow enough to allow the presence of Ciconiiformes, even during the dry season. Different proportions of these water bodies are occupied by free-floating plants (Eichhornia crassipes and Salvinia auriculata), rooted plants (Eichhornia azurea and Polygonum acuminatum) and submerged plants (Utricullaria spp and Cabomba spp). The surrounding landscape is covered by the várzea (Panicum prionitis, Paspalum conspersum, Eleocharis spp, and Fimbristylis autumnalis) or by the forests (Cecropia pachystachya, Croton urucurana, Inga vera, and Peschiera australis) . Ivinhema, 15. Baía and 34. Paraná), channels (6, 13, 21 and 25), disconnected lagoons (3, 4, 8, 10, 12, 14, 17, 18, 20, 27, 31, 32 and 35) and connected lagoons (1, 5, 7, 9, 11, 16, 19, 22, 23, 24, 26, 28, 29, 30, 33 and 36) . (Willard, 1985) .
Fish abundance
Bird surveys
Birds were surveyed in 2002 and 2003, according to the season of hydrological regime: flood (March), decreasing water level (May), dry (July), and increasing water level (December). In each period, two 1-h surveys were conducted on each sampling unit. The surveys were conducted either by the boat (connected lagoons, rivers and channels), or on foot (disconnected lagoons), identifying and recording each sighted bird (Bibby et al., 1992) . Each transect began one hour after sunrise. All the individuals in or near (within 5 m) the water bodies were recorded. Birds in the flight were only counted if they had been observed leaving the lagoon or landing in it. All the water bodies were sampled entirely, except the rivers. Distances from line transect were not determined.
Analysis
The G test was used to analyze if there was significant difference in the abundance of fishes between the different sampling periods.
The structure and composition of wading bird communities were analyzed with Detrended Correspondence Analysis -DCA (Gauch, 1986; Jongman et al., 1995) , applied to the abundance data (number of records/hr) of the species of Ciconiiformes in the sampling units in each one of the eight study periods and with the total abundance of each sampling unit (sum of nine DCAs). The first two axes were retained for interpretation because they explained most of the data variability. Calculations were made using the PC-ORD software (McCune and Mefford, 1997) . Unifactorial analyses of variance (ANOVA unifactorial) was applied on the scores of the axes of DCA retained for interpretation, using the four habitats categories as factors to verify if the positioning of the habitats differed in the ordination. Post-hoc tests (Tukey) were used when ANOVA was significant to identify the habitats that presented different scores means in terms of positioning in the ordination. When DCAs scores did not meet the assumptions of a normal distribution (Shapiro-Wilk test) and variance homogeneity (Levene test) necessary for ANOVA, non-parametric variance analysis was used (Kruskal-Wallis test), followed by the test of multiple comparisons for non-parametric data of samples with different sizes (Dunn test). The G test was used to analyze if there was significant difference in the abundance of each bird species between the different sampling periods. An α-level of 0.05 was used in all analyses. The habitat selection during different seasons was compared using Ivlev's selectivity index, modified by Jacobs (1974) and used by Fasola (1986) and Wong et al. (2001) to evaluate the habitat selection by herons and egrets: E = (r-p) / (r + p), where "r" is the ratio between the number of birds in the habitat and the total number of birds, and "p" is the ratio between the surface area of the habitat and the total surface area available. "E" varies from -1 (negative selection) to +1 (positive selection); the values near 0 reflect use of habitat in proportion to their availability. The values above of 0.3 and below of -0.3 were arbitrarily considered significant. Due to the depth, the foraging activity for most species was limited to the periphery, and there was a stronger association between the total abundance (pooled for all counts) and the perimeter of the sampling areas (lagoons, rivers, and channels; Pearson, r = 0.64; P < 0.001) than between the abundance and area (Pearson, r = 0.60; P < 0.001). Thus, the perimeter of lagoons and the sampled distance of rivers and channels multiplied by two were used as the measures of habitat availability (channels: 68.58 km, rivers: 38.99 km, connected lagoons: 50.92 km, and disconnected lagoons: 14.18 km). The area, perimeter, and length of the water bodies were obtained from the aerial photos (Souza-Filho and Stevaux, 2002) .
RESULTS
Fish abundance
With seining nets, higher densities of fishes were always detected in the connected lagoons when compared to the disconnected lagoons. There was significant difference during the dry of both years (G = 87.4 and 58.1, respectively; P < 0.05) and during increasing water level season (G = 92.4; P < 0.05). However, during the decreasing water level season 2002 and flood of both years, fish densities were lower and similar between the two habitat types (G = 10.1, 7.8 and 8.1, respectively; P > 0.05). There was strong increase in fish density during the decreasing water level season of 2002 relative to the previous period. During the dry and increasing water level seasons of 2002, the density progressively decreased in the disconnected lagoons (Fig. 3a) . With gill nets, the CPUE was also lowest overall during the flood of both years, and increased during the decreasing water level season of 2002 (except in the rivers). Later, there was an accentuated decrease in CPUE values in the disconnected lagoons (Fig. 3b) . 
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Figure 3 -Seasonal variation in the mean density and CPUE (± SE) of fish collected in seining nets and gill nets, respectively, from Ciconiiformes foraging habitats. DWLS: decreasing water level season; IWLS: increasing water level season.
Wading birds community structure and composition Fifteen species of wading birds were observed in the upper Paraná River floodplain (Table 1) . Capped Herons (Pilherodius pileatus) were not observed at the sampling units and, therefore, were not included in the analyses. Of the 14 observed species, 13 were on connected lagoons, 11 on channels, eight on disconnected lagoons, and seven on rivers. Because Cattle Egrets (Bubulcus ibis), Whistling Herons (Syrigma sibilatrix), and Buff-necked Ibises (Theristicus caudatus) typically foraged in upland locations (Kushlan et al., 1985; Del Hoyo et al., 1992; Frederick and Bildstein, 1992) , these were not included in the multivariate analyses. The axis 1 of the DCA, running with the total abundance of each sampling unit, separated the most disconnected lagoons from other samplings units, having significant difference in the ordination (Kruskal-Wallis; H = 12.4; P = 0.006; Fig. 4a ). The Dunn test indicated that the difference was between the disconnected and connected lagoons (P = 0.01). Snowy Egrets (Egretta thula), Striated Herons (Butorides striata), Wood Storks (Mycteria americana), and Roseate Spoonbills (Platalea ajaja) were more abundant on the connected lagoons, and Cocoi Herons (Ardea cocoi), Rufescent Tiger-Herons (Tigrisoma lineatum), and Great Egrets (Ardea alba) on the disconnected lagoons (Fig. 4b) . There was no significant difference in axis 2 of the ordination (ANOVA; F = 0.6; P = 0.6).
When the DCAs were analyzed to the sampling period, five displayed no significant differences in the ordination. During the dry season of 2002, there was a significant difference in axis 1 of the ordination (Kruskal-Wallis; H = 11.18; P = 0.01; Fig. 4c ). The Dunn test again indicated a difference between the connected and disconnected lagoons (P = 0.02). Cocoi Herons, Rufescent Tiger-Herons, and Black-crowned Night-Herons (Nycticorax nycticorax) were found primarily on the disconnected lagoons, and Snowy Egrets, Striated Herons, and Black-crowned NightHerons on the connected lagoons. Wood Storks, Jabirus (Jabiru mycteria), and Roseate Spoonbills were only observed on the connected lagoons during this period (Table 1 and Fig. 4d ). There was no significant difference in axis 2 of the ordination (Kruskal-Wallis; H = 0.8; P = 0.8). (Table 1 and Fig. 4f ).
During the dry season of 2003, there was no significant difference in axis 1 of the ordination (Kruskal-Wallis; H = 5.9; P = 0.11). There was a significant difference in axis 2 (ANOVA; F = 6.3; P = 0.0027; Fig. 4g ), with the Tukey test indicating a difference between the disconnected lagoons (P = 0.02) and the connected lagoons/channels (P = 0.001). Most common species on disconnected lagoons were Rufescent Tiger-Herons. Snowy Egrets were more abundant on connected lagoons and Cocoi Herons on channels (Table 1 and Fig. 4h ).
Population fluctuation and habitat selection
For all the habitats combined, seasonal variation in abundance was found. When the abundance of Snowy Egrets was high, the abundance of Striated Herons was low, and vice-versa. The variation in the abundance of Striated Heron (G = 633.6; P < 0.01) was similar both years, but Snowy Egrets (G = 572.2; P < 0.01) were more abundant during the dry and increasing water level seasons of 2002 than during similar periods of 2003 (Fig. 5a) . Cocoi Herons (G = 87.8; P < 0.01) and Great Egrets (G = 97.1; P < 0.01) displayed similar seasonal variation in abundance (Fig. 5b) . In both years, Black-crowned Night-Heron (G = 148.3; P < 0.01) declined in abundance from flood to dry seasons, but increased during the increasing water level season. Rufescent Tiger-Heron (G = 71.5; P < 0.01) displayed inconsistent seasonal variations in abundance across the two years. Green Ibises (Mesembrinibis cayennensis) (G = 19.9; P < 0.01) were only observed during the flood and increasing water level seasons (Fig. 5c) . Wood Storks (G = 54.7; P < 0.01), Roseate Spoonbills (G = 158.8; P < 0.01) (Fig. 5d) and Jabirus (G = 15.8; P < 0.05) (Fig. 5b) were observed during four of the eight periods and never during the flood season. When the habitat use was compared to habitat availability, Ivlev's selectivity index showed that Snowy Egrets, Striated Herons, Wood Storks, and Jabirus typically used the connected lagoons more than other habitats. Maguari Storks and Roseate Spoonbills were only found in the connected lagoons (Table 1) . Cocoi Herons, Great Egrets, and Rufescent TigerHerons did not demonstrate clear preference for a particular habitat. All displayed a strong rejection for the rivers and, for Great Egrets and, to a smaller degree, Cocoi Herons also for the channels. These two species tended to prefer the lagoons, but varied in their preference between the connected and disconnected lagoons. Rufescent Tiger-Heron tended to use the channels, connected lagoons, and disconnected lagoons based on the availability. Black-crowned Night-Herons and Green Ibises tended to prefer the channels, except in the periods of low abundance for both the species (Table 1) . 
DISCUSSION
As a characteristic of floodplains, seasonal variation in water levels is a key factor in determining the ecological patterns in the study area (Junk et al., 1989) . A flood period (constituted by irregular short-duration flood pulses) occurred in-between mid-January and April in both the years of this study. Although the fish productivity was highest in floodplains during a flood (Loftus and Eklund, 1994; Vazzoler et al., 1997) , fishes were more dispersed, promoting homogeneity between the different habitats. Therefore, the low fish abundance in the water bodies during this period (which were very similar among the different habitats) fitted the expected pattern (probably fishes were more dispersed, no less abundant). With lower water levels, fish became more concentrated, promoting immediate increase in their availability during the decreasing water level season as well as greater differentiation between the habitats during the remainder of the year (i.e. as water bodies became isolated, colonization of disconnected lagoons became progressively less likely). Results indicated that this process influenced the foraging habitat selection by the wading birds. The DCAs demonstrated that there were no significant differences among the habitat categories in the structure and composition of Ciconiiformes communities when the habitats were homogeneous (i.e., both during the flood and decreasing water level season, when the disconnected lagoons still had high fish abundance). The differences in the structure and composition of communities were detected during the dry and increasing water level seasons (i.e., when the disconnected lagoons were characterized by the progressive decreases in fish abundances). The occurrence of some pulses in the second half of 2003 might have prompted the migration of fishes from the rivers and channels to some disconnected lagoons and increased their abundance there, perhaps contributing to the present finding of no significant difference in DCA during the increasing water level season of that year. Herremans (1999) observed larger differences between the habitats in community composition of waterbirds during the dry season than during the wet season in humid areas of Botswana, when most species tended to group on the few high-quality patches, while others used a wide variety of habitats. Therefore, although opportunism is the predominant characteristic of Ciconiiformes, in certain environmental conditions it is possible to notice the differences between the species in selection of foraging habitats (Fasola, 1994; Smith, 1997b) . Among the studied habitats, the connected lagoons could be considered the higher-quality patches in terms of fish abundance, but caution should be warranted in this interpretation. On the same area, Gimenes and Anjos (2006) observed that the sampling with seining nets in the periphery of the lagoons yielded better estimates of prey availability for Ciconiiformes than sampling with gill nets in the deeper areas because fishes captured by each method were differentially vulnerable to predation by the birds. Furthermore, the rivers and channels were not sampled with seining nets, which limited the applicability of initial statement as above. However, the highest total richness, the highest total abundance, and the highest per-species abundances of bird species were recorded on the connected lagoons, which was a strong indication of the high quality of this habitat. Snowy Egrets, Wood Storks, Roseate Spoonbills, and, to a lesser degree, Jabirus were more able to find high-quality patches for foraging, selecting connected lagoons and leaving the area during the floods when the high water level diminished appropriate foraging habitats. The species with tactile (Wood Stork and Roseate Spoonbill) or tactile-visual (Jabiru) foraging techniques were more dependent on the patches with low depth and high prey density than were species that forage visually (Kushlan et al., 1985; Gaines et al., 1998) . Snowy Egret is often the first species to locate high-quality patches, acting as a catalyst for larger aggregations (Caldwell, 1981) , on which it depends in the periods of high energetic demand (Erwin, 1985; Master et al., 1993) . These four species have white or white-pink (Roseate Spoonbill) plumage and forage socially, two characteristics intimately related (Beauchamp and Heeb, 2001 ). There are evidences that these characteristics reduce search time for high-quality patches, especially where resources are ephemeral and patchily distributed (Kushlan, 1976; . Great Egrets, Cocoi Herons, and Rufescent TigerHerons were apparently less able to find highquality patches, not selecting the connected lagoons and remained within the study site during the flood, although normally with, apparently, lower abundances. These species were primarily found on disconnected lagoons, where the fish abundance was low. These species are visual foragers, minimizing the negative effects of the low prey density (Kushlan et al., 1985) . All of these employ passive foraging techniques and defend territories (Del Hoyo et al., 1992) , characteristics of minimal utility in the aggregations that form on high-quality patches (Kushlan, 1978; Erwin, 1983) . The long legs of Great Egrets and Cocoi Herons allow them to explore deeper sites and their relatively long bills allow them to capture a wide range of prey items (Kushlan, 1978) . Gawlik (2002) found that Great Egrets and Great Blue Herons (Ardea herodias), a congener of Cocoi Herons, tended to remain on specific patches even when they decreased in quality. Given the differences between the two groups of species, each is differently affected by anthropogenic alterations in habitat. High-quality patches (abundant fish and shallow water) are usually ephemeral, irregularly distributed, and occupy a small fraction of the landscape at any time. Thus, species more dependent on highquality patches are more susceptible to the reductions in the floodplain area or alterations of the hydrologic regime that reduce the quality of foraging sites. Not surprisingly, the populations of the four species in this study that were constrained in the habitat use were declining in large floodplains suffering from strong anthropogenic alterations, such as the Everglades (Hoffman et al., 1994; McCrimmon et al., 1997; Strong et al., 1997) and Venezuelan Llanos (González, 1996a; 1997) . The habitat selection by Maguari Storks and Striated Herons seemed to be more influenced by the prey density and less by water depth because these species clearly selected connected lagoons and used those areas during the floods. In the southern Llanos of Venezuela, González (1996b) observed that Maguari Stork maintained uniform density as the whole year, even during the floods.
This species is solitary, forages visually and passively (Kushlan et al., 1985; Del Hoyo et al., 1992) , and has long legs, characteristics that allow foraging in deeper water. In addition, Striated Herons frequently foraged on the dense surface mats of aquatic plants, allowing them to use the area during the floods. Black-crowned Night-Herons and Green Ibises tended to select the channels for foraging, probably because these sites were near a continuous strip of riparian forest. Black-crowned Night-Herons are primarily nocturnal foragers and, because they often move long distances between the roost sites and foraging habitats (Custer and Osborn, 1978) , it was not possible to determine if they also used the channels for foraging or just as a roost site. The lower abundance of the species during the dry season was likely due to the movement of individuals to breeding areas, as is known to occur in the Pantanal during that period (Willis, 1995) . When the habitat use was compared to habitat availability, the channels and rivers were used less than expected by most species. Caldwell (1986) found that several wading birds in Panama preferred lentic waters to more lotic waters, except if threatened by the predators, suggesting that foraging in lotic waters was more difficult. These results indicated that the study area represented an important foraging area for the wading birds, despite recent anthropogenic impacts. The area might be particularly important for Wood Storks and Roseate Spoonbills, two species of high conservation value. The Pantanal population of Wood Storks abandons the area in November, in the beginning of the flood, using the Paraná River as a migration corridor to the flooded areas of Rio Grande do Sul and Argentina, and then returning in April or May (CEMAVE, unpubl. data). Antas (1994) reported that Roseate Spoonbills followed Wood Storks in that movement because the two species used similar foraging and breeding areas. The present study area might represent an important foraging area for these birds during migration. The management strategies aiming to enhance the area as a foraging area for Ciconiiformes should try to maintain a hydrologic regime as similar as possible to the natural regime. The scarcity of appropriate foraging habitats and the low prey availability make the floodplain unsuitable to the wading birds during floods (Kushlan et al., 1985; Powell, 1987; Custer et al., 1996; Bjorklund and Holm, 1997) . However, it is important that floods occur normally (at the correct time and with normal water levels) to stimulate the fishes reproduction (Gomes and Agostinho, 1997) and the migration of alevin from the rivers to the lentic habitats that become alevins nurseries (Vazzoler et al., 1997) . Finally, the natural progressive drying process on the floodplain that begins after the flood and proceeds until the end of the dry season should not be interrupted by artificial flood pulses because this interferes with the process of prey concentration in the water bodies. 
ACKNOWLEDGMENTS
